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(57) Abstract 
Purpose: 

To provide Ti-alloy engine valves which have excellent wear 
resistance and thermal shock resistance. 



Constitution: 




The cladding layer of an engine valve made of Ti alloy where a 
cladding layer has been fonmed on the parts which slide against an 
opposing part is characterized by having a structure in which composite 
particles with a Ti particle 1 as a nucleus which is surrounded in the form of 
a rim with NiTi intenmetaliic compound 2 are dispersed in an Ni base 3. 




2: NiTi Intermetallic compound 



Scope of the Pareht Claim 

[Claim 1] 

A Ti-alloy engine valve which has a cladding layer formed on the 
parts which slide against an opposing part and which has excellent wear 
resistance and thermal shock resistance, characterized in that the 
abovementioned cladding layer has a structure in which composite 
particles which have Ti as a nucleus which is surrounded in the form of a 
rim with NiTi intermetallic compound are dispersed in an Ni base. 
Detailed Description of the Invention 
[0001] 

Industrial Field of Application 
The invention concerns engine valves made of Ti alloy for 
compression and exhaust purposes which can be used in automobile 
engines and marine engines, and in particular the invention concerns Ti 
alloy engine valves which are effective as the engine valves for the air 
intake purposes which are subject to intense heating and cooling and 
which are more effective as the air intake valves of engines involving high 
temperature combustion such as lean-burn engines. 
[0002] 

Prior Art 

In recent years Ti alloy engine valves with excellent lightness and 
heat resistance have come to be used in the high-speed engines of sports 
cars, speedboats and racing cars. 
[0003] 

These Ti alloy engine valves are light in weight and are heat 
resistant as indicated above but they have inadequate wear resistance and 
so a cladding layer is formed on the parts which slide against opposing 
parts to supplement the inadequate wear resistance. 
[0004] 

For example, in Japanese Unexamined Patent Application Laid 
Open 61-261609 an improvement in wear resistance is devised by forming 
a cladding layer of TiAl intermetallic compound which has excellent wear 
resistance although poor strength on the valve seating part and on the 
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shaft-end part dnne valve shaft which slides against an opposing part of a 
Ti alloy engine valve. 
[0005] 

The NiTi intermetallic compound is known as an intermetalllc 
5 compound which has excellent wear resistance like the TiAl intermetallic 
compound and it is known that the NiTi intermetallic compound has 
excellent strength and so it was thought reasonably that it would be better 
if an NiTi intermetallic compound cladding layer was formed on the parts of 
a Ti alloy engine valve which slide against opposing parts. 
10 [0006] 

Problems to be Resolved bv the Invention 
However, the abovementioned NiTi intermetallic compound has 
poor solubility in Ti alloys and so when a Ti alloy engine valve where an 
NiTi intermetallic compound cladding layer has been formed on the parts 

15 which slide against an opposing part is used as the air intake valve of a 
lean-burn engine, for example, it is subjected to thermal shock due to the 
intense heating and cooling and this results in cracking or peeling of the 
NiTi intermetallic compound cladding layer and there is a problem in that 
does not exhibit satisfactory wear resistance and thermal shock resistance. 

20 [0007] 

Means of Resolvina These Problems 
Thus, on carrying out research with a view to obtaining an NiTi 
intermetallic compound cladding layer by flame coating which does not 
crack or peel even on being subjected to Intense heating and cooling 

25 thermal shock, the inventors have discovered that If a composite powder 
which has Ti nuclei and of which the surface is covered with Ni is flame 
coated and If the Ni of the composite powder is melted while passing 
through the plasma of the flame coating nozzle, NiTi intemnetallic 
compound is formed at the boundary between the Ti and the Ni of the 

30 composite powder, the coating Ni is melted and powder where the coating 
Ni has melted and NiTi intermetallic compound has been produced at the 
boundary of the Ti and the Ni is fused onto sliding parts of a Ti alloy valve, 
then the flame coated cladding layer which has a structure in which 



composite particIS which have a Ti particle as a nucleus which is 
surrounded in the form of a rim with NiTi intermetallic compound is 
dispersed in an Ni base is formed and this cladding layer which has Ni as a 
base has excellent adhesion with the Ti alloy and strength so that cracking 
and peeling of the cladding layer due to thermal shock can be avoided 
even if thermal shocking occurs and the wear resistance can be ensured 
with the composite particles, and a cladding layer which has excellent wear 
resistance and thermal shock resistance is obtained. 
[0008] 

The present invention is based upon this discovery and is 
characterized in that, on a TI alloy engine valve where a cladding layer has 
been formed on the parts which slide against an opposing part and which 
has excellent wear resistance and themrial shock resistance, the 
abovementioned cladding layer has a structure in which composite 
particles which have Ti as a nucleus which is sun-ounded in the iorm of a 
rim with NiTi intermetallic compound are dispersed in an Ni base. 
[0009] 

The composite powder for flame coating purposes which is used to 
form the cladding layer of a Ti alloy engine valve which has excellent wear 
resistance and thermal shock resistance of this invention is produced using 
Ti powder as the raw material powder and Ni powder which is finer than 
the Ti powder by introducing the powders into a container and stirring with 
a stirring rod In such a way that the fine Ni powder is imprinted onto the 
surface of the Ti powder and an Ni coated layer is formed (hereinafter this 
method is referred to as mechanical plating). The Ni coating layer formed 
by the mechanical plating is such that a thick Ni coated layer can be 
formed in a shorter time than with the usual methods such as plating and 
so the flame coating composite powder can be obtained with a low 
production cost. 
[0010] 

Illustrative Example 
A composite powder for flame coating purposes which had Ti as 
nucleus and an Ni layer of average layer thickness 5.0 nm was prepared 



by the mechaniCTT plating method using Ti powder of avefSge particle size 
40.8 fim and Ni powder of average particle size 3.1 \ifr\ by mixing the Ti 
powder and the Ni powder together in the proportions Ti powder : Ni 
powder = 5 :1. introducing the compound powder obtained into a container 
and stirring with a stirring rod. 
[0011] 

Moreover, using an arc shaped engine valve made of Ti alloy 
comprising Ti-6% AI-4% V Ti alloy of parasol diameter 22.5 mm a cladding 
layer was formed using the abovementioned composite powder for flame 
coating purposes on the face of the parasol part by plasma flame coating 
under the conditions plasma current: 400 A, plasma gas flow rate: 50 
litre/min and powder supply rate 25 gram/minute and a Ti alloy engine 
valve of this invention was obtained. The surface of the cladding layer was 
polished and a drawing of the structure of the cladding layer drawn as a 
result of microscopic observation is shown in Figure 1 . In Figure 1 , 1 is a 
Ti particle, 2 is NiTi intermetallic compound and 3 is the Ni base. As 
shown in Figure 1. the structure of the cladding layer which had been 
formed on the Ti alloy engine valve of this invention had Ti particles 1 as 
nuclei surrounded in the form of a rim with NiTi intermetallic compound 2 in 
a Ni base 3. 
[0012] 

On the other hand, for comparison a comparative Ti alloy engine 
valve was produced by forming a cladding layer on the face of the parasol 
part of the abovementioned Ti alloy arc shaped engine valve by plasma 
flame coating under the same conditions as before but using an NiTi 
intermetallic compound powder obtained by melting Ni and Ti in the 
proportions 1 : 1 and atomizing the melt. 
[0013] 

The abovementioned Ti alloy engine valve of this invention and 
comparative Ti alloy engine valve were each fitted as air intake valves to a 
2000 cc capacity gasoline engine and, after running the gasoline engine 
under conditions of gasoline used: leaded gasoline (Pb: 1.8 g/1), speed 
7500 r.p.m., running time: 100 hours, the extents of wear of the cladding 
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layers of the Ti anoy engine valve of this invention and the comparative Ti 
alloy engine valve were measured. The results showed that while the 
maximum wear depth of the cladding layer of the Ti alloy engine valve of 
this invention was 13 |x, the maximum wear depth of the cladding layer of 
5 the comparative Ti alloy engine valve was 29 ^.m. 
[0014] 

Moreover, observing the appearance of the cladding layers on the 
faces of the parasol parts of the Ti alloy engine valve of this invention and 
the comparative Ti alloy engine valve after the running had been 
10 completed showed that no defects were apparent in the cladding layer of 
the Ti alloy engine valve of this invention but cracking and peeled parts 
were seen in parts of the cladding layer of the comparative Ti alloy engine 
valve. 
[0015] 

15 Effect of the Invention 

As described above, a Ti alloy engine valve on which a cladding 

layer of this invention has been formed has excellent wear resistance when 

compared with a comparative Ti alloy engine valve on which an ordinary 

cladding layer has been formed and, moreover, there is no cracking or 
20 peeling of the cladding layer even when thermal shock cycling has been 

imposed and this is an excellent result for the automobile industry. 

Brief Explanation of the Drawing 

Figure 1 is a drawing of the metal structure of the cladding layer 

surface which had been formed on the parasol surface of a Ti alloy engine 
25 valve of this invention. 

Kev to the Drawing 

1 : Ti particle 

2: NiTi intermetallic compound 
3: Ni base 




2: NiTi Intermetallic compound 
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